W45 % 5111 wmOE 5 W & Vol. 45, No. 11
2025 4F 11 EXPLOSION AND SHOCK WAVES Nov., 2025

DOI: 10.11883/bzycj-2024-0452

PRGN HI R A R B HDHI N IR A R

RAER B #R Rk AR R B TEED AU, TR
(1. b2 e EESALEE, ILR F5 266104;
2. AT R EARAR, LK T 266104)

WE: BRI B AR A R S E R, RS ERB R S AR EERT . EAMBEENZ O
J, ) 700 A T T R o ) R G I T SRk o AR S TR A R R D ) AT 1) B RS, K R s 0 ) 750 e S 0 o AL B
TT RGN GRS T o 6T 20 3 7 SUAS ), 40 1080 A 43 Sy AL 21 43 R A T R Ak, G F B 200 4 3100 11 4 S0 mT AR 408 410 ]
MUBR [0 22 5, 2 R Tm P R A0 PR A o 18 SCBRS53R 38 40, T B <R 1A b Rl R 4 o 43 - 4 S i 56 0 B3 T 5 - 310 o AL B
VRGN RGBT AT VIR o S AT BIF 9T A7 T 1) i) R AT R A O o AR SR E T AT R B, 4R o o] R i
T HEAT BT A6 A0 bR v Ak, B U8 2 S BB 7 S B EL AR S A R A B, B A RO O A B, WD B S E H .

KHBEIR: MBI RS B AR AL

FESFES: 0389; X932 EFRFERMLES: 13035 XHAFRERE: A

Research progress on explosion-suppressing powders
and suppressing mechanisms

ZHOU Yonghao'?, YANG Zhe'?, LIU Huan'?, ZHENG Jinlei'?, YU Ping'?,
WANG Haozhe'?, DANG Wenyi'?, YU Anfeng'?
(1. State Key Laboratory of Chemical Safety, Qingdao 266104, Shandong, China;
2. SINOPEC Research Institute of Safety Engineering Co., Ltd., Qingdao 266104, Shandong, China)

Abstract: The leakage of combustible gas could lead to serious explosion accidents, which could cause great damage to
people’s lives and property. Explosion suppression technology can effectively reduce the consequences of the explosion
accidents, which is an important part of combustible gas explosion safety protection technology. As the core component of
explosion suppression device, the performance of the explosion suppressant can directly affect the reliability of explosion
suppression system. The research results in the field of explosion suppression at home and abroad are focused on, and the
explosion suppression powder and its inhibition mechanism are systematically summarized and analyzed. Based on the
different compositions, the explosion suppressing powder is divided into one-component and compound materials. According
to the difference of the suppressing mechanism, the one-component suppressing powder is divided into active powder and inert
powder. Due to the synergetic effects of different substances, the development of the compound material is the research
hotspot. In the literature review part, this paper follows the structure “General introduction of powder materials—Related
experimental and theoretical research—Suppression mechanism summary”. The first part provides the general introduction of
the material, including the origin, structure and property. The second part offers the summary of the related research result
about the material. The third part focuses on the physical and chemical suppression mechanism of different material, which

contributes to the deeper understanding of the suppression effect. Finally, the existing problems of the research at present is
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summarized and the development of the future research work is discussed. In addition, this article proposes to standardize the
testing process, emphasizes the use of numerical simulation to guide the suppressing of material synthesis and reduce the
blindness of research. The aim of this review is to provide scientific understanding and technical support for the development
of high-efficiency explosion suppression technology.

Keywords: combustion and explosion suppression; combustible gas; powder material; suppression mechanism
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Table 1 Some gas explosion accidents in recent years
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Fig. 6 Mechanism of APP suppressing coal explosion®’
APP FEH i ok A8 rp R IR SCE I HIVE A . BN 21, APP 32 0l WK A, BRI A
KGR LG R T T 0 BE 5 40 A8 B NH, R H,O X BRSNS nT /e 2 B AR 46 i 1 S #efk 2%
VEFHJZ T, SRBEIR B 3 fife 7= A= 1) NH, A4 B il SRR 08 55 OG5 B iy B& H-F1 OH- [ :

1

111401-8



5 45 4 SR, G BRBRIGLR VR SO IR e ok f %5113

NH,PO; — H;PO, + NH,; (18)
H,PO, — HPO, - +PO- (19)
PO - +H: — HOP- (20)
PO-+0- - PO, 1)
PO, - +OH: - HOPO + O (22)
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MPP 57 #53fift i WS R it s 07 4R, D28 A b S 7 I EA T, W] B, MPP 43 fiff 7™ A5 1) HPO, - Al NH,,- 5535 P B
H LA 5 O-. OH-Hl HO, 45 1% M Sk A [ 7, BH RS X B 7 (R 2R AT, JEXTEE 40 & 4 A A R 3 1) 41 I ATL B 4
B 7 Fis . ERRLLED @ ot PRS2 4t e T ABC, = BFUE FUR R £k (melamine cyanurate, MCA ) Fl
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Fig. 7 Mechanism of MPP suppressing Al-Mg powder explosion®
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MPP I MCA X 20 e K B 40 il HLER 40 1] 8 FfrR o 22 S 58 ik 55 95 AL - B 73 B T MCA Fil MPP
XA 2R R K A RIVE A e XS8R R AR e LA AR s g SRy 2 5 ASAH R RT3 T S 1 2 ) 42 il B
MCA (Il FAM e BE 4T MPP, ERKLLAE X b T 2881 20 L I BRB AR KESL 00 R 48 h ABC. MCA
FI MPP X858 2= B KE I i 3508, & 30 ABC oy b 25 JE A 45 W0 T A PRk U Ak S g g Bsf T) R 8 T s ok
B R R R, R R R A o SRR B BIFSE T COL/MCA [ 19 R 0 1 500 X635 493 24 R 0 1 ot [ 40 i 4
H, & BA I MCA AT & Z AR CO, MR Irag e B2 oAb, SRR BEAE 1 FIH Chemkin 4K {4 % NH,H,PO,.
MCA il e/ M /2R 22 TRIR A AT SRR KE I i AR R AT T BB B, & B ABC 183 i 4 il ROCR A
T MCA, MCA FZL 3 HNCO JH#E H- M1 OH- A fi &, M b1 e =X 5 i 1 2547

MPP MCA
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decomposmon Thermal Oxygen
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Fig. 8 Mechanisms of MPP and MCA suppressing coal explosion!®*
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(2) Ab 24 s PR it 77 A i K NH, I HNCO 7] 5 H-FI OH-%5 Fo v [ p 3L 52 W, FEAR % 1k 1 el
SR, W R e R N VERE . NH, J BRG] LB 2K (5)~ (7), HNCO A2 KR In R
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1.2 TEMEMHAHIHI 5
12,1 AR EFT bk

AT —Rh iR W A B AR R ER O, B B LR T R AZARFL RS AG o IX AR IR AT N
RS AR A S 410 500 I B AT R S A R ROR I R R o AR S ] L B2 1) B0 S 2 PR 7 b 2, Sl ] 2
B A NEEAC SR AT | ARSI A LB CH A 73 AR A o S A X R gk a4 o) ML AR B S )
HEM . (1) S — R fLA R, B R i W R A T RE, REAS 770 4 Ml AR KR B S L1 A Pl 2,
SR BETNS F R AR, 02 1l BEOR D, S SO R R s (2) ST PR i S B A T

M(Al,, Mg, )[Si,0,,](OH), - nH,0 — M(Al,,Mg,_)[Si,0,,](OH), + nH,0 31)
7 IR SANOAT LARRAR S SO L, i ] AMRSCR S5 T AR, 40 ) S 17 A P S8 AT
Sk A PRI MR A7, T2y Si0,. MgO S AL, Je—Fh &K B SRR RRER 3 ), HHRA

JEIR L HEIR . EFLR SRR SE R RN GR G AL, R L BT L Jr PR R T AR R AF, AR AR,
FIRITSBE A0 A5 A I AL AN I B A ko D2 A7 R T AR 20 L 8 B 73 45 18 B 3 2 0k
T ST M2 A FGERB K R AT 3R, T AL 25 ) e A ) o R JEE 235910 0.16 111024 /L ARG
XPSMEAT . W47 . NHH,PO, Fl KHCO, JT ST, 45 R KW W2 A1 7p 1 0 i 3 X Il e v, Bie o 78
A2 SO PP A S R S R TR, L P AR RE A2 A i Frh BB AR RE R BLAER, DRIk, xoF AR R T g
KE, 4 Fiob b e 2 47 I BOR e, S AYIZ, NHLH,PO, B PR Z, KHCO, By 22, 4 Rl R i)
THEIETC I RE 22 AE AN AH AR 2 FT7R .
R2 4 FMAHNRE ST R R RE 2 A0 5 AR

Table 2 Energy barrier and reaction heat of elementary reaction for four powers suppressing explosion'**!

PR s L AE/(kcal-mol ") AH/(kcal-mol™")|| #MHIF] %' SN AE/(kcal-mol ™) AH/(kcal-mol ™)
1 AH30H-—AI(OH), 84.6 —289.4 1 PO-+H-—HPO -27.6
2 Ca+20H-—Ca(OH), ~1782 2 HPO+H--H,+PO- 548.6
3 Mg+20H —Mg(OH), ~1516  |INHHPO, 3  NH,+0,~H,NO+OH:- 28.9 17.1
4 AlO+H-—AI+OH 37.1 4 NH,-+0,—NH,-+HO, 30.6 57.5

A S CaO+H-—Ca+OH 22.6 -98.4 5 NH;-+OH-—NH,+H,0 -10.2
6 MgO+H —Mg+OH 245 ~124.6 | 2KHCO,—K,CO+H,0+CO, 45.6 -123
7 AlO+0O-—AI+0, -179.4 2 K,C0O,—K,0+CO, 19.9 48.3
8 CaO+0-—Cat0, -93.3 3 K20+H20—2KOH 21.6 —64.4
9 MgO+O-—Mgt0, 18.9 ~88.9 4 K-+0,-KO, 324 -19.9
1 AI30H-—AI(OH), 78.9 —290.2 5 K+OH—KOH -50.4
2 Cat+20H-—Ca(OH), -178.8 KHCO, 6 K-+0-—KO- 50.2 —121.3
3 Mg+20H—Mg(OH), ~152.1 7 KO-+H-—KOH 126.9 -95.0
4 AlO+H-—AI+OH 375 8 KO-+0-—KO, 28.3 —168.6

Wkt S CaO+H-—Ca+OH 20.8 —98.8 9 KOH+H—K +H,0 39.6 —55.5
6 MgO+H-—Mg+OH 21.6 —124.9 10 KOH+OH-—KO-+H,0 78.9 —24.4
7 AlO+0O-—AI+0, -179.8 11 KOH+0O-—KO-+OH- 66.7 -122.4
8 Ca0+0-—Cat0, -93.9
9  MgO+0O-—Mg+O, 16.8 —89.1

7E: 1 cal=4.184 T,

(1) Py AR I 7 10 352 A1 2 — P SLADRE, HoAr R (9 W B AT TR B, BEAS 8 7012 i kg e 5 S 2
B9 1Y 2, SR BE TS ) bl S BB IRV AT, fR A 1 el 2R, O S BUR KSR SO P IR, A 2y
AR TN R 2
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Mg, Sis05(OH),(H,0) - 4H,0 — Mg, Sis01(OH),(H,0) + 4H,0 (32)

() te2AAE T RARIE AR & A M (MU Ca, Mg, Al ) FEZLM e TR E T, il 5 H-,
OH-. O-ZE 35 [ Fh 3k & A B iy, T H % 2 s i

M, - +nOH: — M(OH), (33)
M(OH), + OH- —» MO - +nH,0 (34)
MO-+H- - M- +OH- (35)
MO - +0- - M- +0, (36)

I A SR — R AT R ARG B R KRB 0, B BRI b 2R i B DA B R4 iy W R L 44 2%
PRI M LS A, R0 A AR AR S S ORI, Tk 38 2o BH S 7 38 #0000 70 T4 A2 H), B id £
Jr 2 T g 5 R ) S B A A AR T AR A A, i LR AT R B RN 2 RN A B AU SR AR 2 ot
17 248 T 3 e v 0 AR O R s 04 A U P SR AR S RRAIG, TR e
FV 2R 40 VR, X FOIT 2 A S M BB T R O M A o o 0 1% 91 o 2550 2 AR I
AR 710 08 T A R B e R T B, R A B BRI b S I ok R Y [ P 3, BT X R R A
HEAT .

A e — PP EF YR B B R EERR B, 731 30 Mgy(H,0),[Si40,],(OH),-8H,O, il # & F , K ¥
B, AN A R, HA MR 2R A5 . W g 20, BT L R BRI S
BiPERE . AR R A 20 L A9 ERIE BB K2 MR T CO, RN I A X Y e ks K (4 Wip IR 90 1V 1, &
BRI A R 410 ) 7500 ) 8 S e v O PR S LA R A R A5 R o Y A AR A gt o R A i T
ik 339.94 J/g, BAT RAF BN o BLAb, T 0 Ay B B b e AR Y 4 TR S T T S OGN M ) B
OH-Fl H- 254, rh i =X e oz i A7, Al HL an & 9 B .

Heat . .
R Mg. OH-. O-, H,0
1 ( = S
N —— ) Mg+20H-—Mg(OH),
Mgy(H,0),[Si;0,],(OH), 8H,0 o'\\b P - \. g Mg(OH),+OH-—MgO+H,0O
<.

7" o CH,0 @ MgO+H —Mg+OH
. 3 MgO+0-—Mg+0,

/ CH}
: H,/CH, \ CH,+0,=0H+CH,0
_>| OH: explosion H 0O+CH,0=HO,+HCO
O, Ignitiong system .’ H+0,=0+0H
2 . H H+CH,=CH,+H
. T A 4= 3T,
.“ \  HCO 0, ’ . OH+CH,=CH;+H,0
-7 ?.\ ‘o NG
Inert g;;; CcO @ .“ o o
: 0% ¢

K19 CO-HHEATH AT I Besi Ak Al H LA

Fig. 9 Suppression mechanism of CO,-sepiolite powder on methane explosion”!

YA — ok BA IR 2 (8] 4544 1 el Ja Rk BRI ER, AR IR, f £ & . U IR IRES M B A
e IR R AR T A, RIS G B S R e S A, A B i T ARRE ST/ IMESET
R PR R 1 AL M AL BRI R 1 I i 4 1 3R g, b TR Bk 7 a2 5T R O A dy 2, fif
Aot R R G AZ AR )40 T AR T R e A o eSS B ICE N i — T SR R R Be 7 £ 0 5k — TP Sk i
He 2 TP BE A IR0 Wl A1 HEAT T RO, B T RN B A A L R AT, T AR R B 4 ) 2
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RGP T AR, X B TRt A R A AT e S R TS, 5 A RS, BRI E RS
Ay S BRSO R P PR ] A, A5 /I AU SR FH e W B R B SR M B AR 3 13X Wk A SR, SR A IR R
BT, R L35 30 TR IR, BT BB R A i R TS RN 5 TR Jo T R A AR S A, (A X VR
LK IKCBRAT T BT Wb A 280 S A B A Wy B PR T A 32 A AR R AL
P, [ BR AR5 F Z ] A PG 3808 T B b A BT BOR L R TR Z AL R, PR IR H i R v ] i ot
FA A= L [ VA

122 —%4%

RGN ANE RS, XFR I RSk, A Fe(CoHs),, R i (B [ 4, HA 21
TR — 2655 e 20 42 90 AR, BFSE N 51 & B4 R PR AL A ) mT 40 A AR 2R 1 = AR U7, BRI K
JAAERE R EETS 200 ppm (13 A =% 4%k AT i 25 BAIR Y Joe /25 R TTR KA IR IR e i 91

TSR R R R 0 R T R AR W B AN AR 2 AN R

(1) DyBEAVER: 5K IAIERS , S B AR M AT A 2R 1) e k28 A B 28 AU, W LA RS
BRI B s BB A T Aok B8 D N — SRk 28 R0 i o R AT WS s I B, AR e DX A i
JE, W RN I EAT o

(2) fe2= e YRR R B o IR B S, R 2R RTT IR R i, TH B KA DXk H- AT O [ H 3
" FeCsHs, FeC,Hy AIARSL /iR 5 5 H- A BB N A B Fe Ji o _baRad # af FH AN T B iy U A A

Fe(CsHs), — FeCsHs + CsHs 37
Fe(CsHs), + H- — FeCsH; + CsHg- (38)
Fe(CsHs), + O- — FeCsHs + CsH,O - +H- 39)
FeCsHs; — CsHs + Fe (40)

FeCsHs + H- — CsHg - +Fe (41)

AR Fe S al s AR i ]y, JETR)al 245 5 s, T AR S RO B il 3, LA, FeO 2
J AL B PR 2 AELE R ] =4, 7T 5 FeOH 1 Fe(OH), L [R]TH#E H-F1 OH- [ Hy L1,

Fe + 0O, — FeO, (42)
FeO,-+0- —» FeO + 0, (43)
FeO +H,0 — Fe(OH), (44)

Fe(OH), + H- — FeOH - +H,0 (45)
FeOH: +OH:- — FeO + H,0O (46)
FeOH - +H- — FeO + H, 47

123 #=#E+

Tl 2 — il by oty AR s A A R R B TR, BN SO, [R5 & i) ALO;. Fe,0;.
CaO., MgO %58 LW A BT . ik 8 L 2 K AL 254 i A AL BT 3K 90%~ 92%, HAT R Lk
TR i TR T BE AL A R S B 2, R 1k, X FUIOka K )y S oS B i e v 4
S DAL A I BA  9 SB BE ) Sl PR P i, AR S N R R ORI LA 8 o U K HAT —
SE BN e T B AR 0 7 B A 1 aod S A 5 e B, A W VAR RS T S AR A £ 40 R
DETF A ek, A - R T A 22 FL 45 R R R TR B XA R PR AR B T R BE . iy SOI 20 B T il B
V8, A 9 25 07 3k RIRE RS L 92 o ek 3 = A ) L SUT R K B ML B AT 1 20, S B o 1 0 2 e
SERYTTIHFE RN A Ak, I AT R HCHO A5 v 8] 74, p st o BU ST AR A 7 A= 4 A o
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124 ik

IRPENFRLLYE, N4 A TP SRR EL B 5 HE A T A ¥, % SiO,. Fe,0,. ALO, %5 k4
N, Zead L B BESE T A AL, B4R o i 2 L9k E Lok Z ), HEA 8 KA He 3w B =F
B 1Y 25 BRAS AL, A A TS K R ST S0 W B R R DA R A AR AR R O 5 kO f e R
Si0, R WIS B2 7 7= A= 1 44 i, ek 555 S L iR A 70870, A, EL A R 2 T A 194 R 00 v sk R A S0 ) 5
PR, ol D0 2 A AR S R A . RS PR R U R Rl R SN, (AR R G I SRR SR RS M
HE AN A8 e Ak B B S B8 A AR S W o, 90 5 1 b R RIS 1 0 A R B AR, LA e =X s oy ) A 7
A T v ST DAFE Bk A U R SRR, G A AR . O A B AR T A0 e R TR AR, B9 e B A R B
Wi KE BA LRI ROR o Sk R, ALO, i Fe,0, 5546 J& ALY 7E 1 T AI(OH), I Fe(OH), % 4x
J& S AR, X AR E T 113 5 AT, FLRSY B FRIR | -SRI X AR R HEAT T
O A B 75 25V oA e i 22 L IR 2 ) AR SCER S5, B B R 1% L 3R i BR3¢ s B R THT g, 7T LATE
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A I DA AR SRR AR A 43 B0 ( SUFR 3 B5ORE ) VAR Ry 43 B8O B BT T B ) 3 JE , U AR 42 388 8 A
0.01~10 um. I AN I B A KRS L B3 AR . B 5 54/ o W e T S0 A, 2 s
e K I BRAR AR A U T AR IR AN TR], AR R 32 By R IRV R S o RV I T
AT R R L2 B, 28 AR A D S S T IR IS o Ve S I 3 E K Bl A R R A 2
TG BEAT BRSSO o 3 T [ AR SORL A A [R], A AT 43 KBRS AR AR FP 2 . KB AR I
A [ A kT S 22 B K,CO,. KHCO; Fil K,O ZH i, M 7 Wi, 1 kG 25 A 4% F B AR B B3R . S AU SUI3 fie ik
FHRS R B0 AR, TRAN T K BV B Aol o J I IRE X L T S R K 7R AP ek R e IR AR ) 41
HilPERE, & . S AU I AR SCR UL T K BV I, ZEAR TR e ik BE T, S AR I A8 31 58 4 410 il
Jr A e AR T K BRI . BTV Y il B2 vh S B, 5 8UR SRR T, 3 T4 7 Tk
SR X 3 BT — WG, H R AR 32 B WA S T AT o AV M A 00 4 ML B 45 4 B
Ak 2 B9 S AR W3R 5 T, SR BN I A B | AR = B AEVE I A E DT, R
JE R AR A 7 A BTG PR S TT 5 I N R R, BB s A% ™. BRI, SR T KGR
il 85 7 vk E EALRRER VL L WO S TR EOR RS S AU PR EOR | AR R AR B A SR,
AT A8 2 R M V4 A S TV P 8 %) S B S 0, R AR A /N O SBRE W] R A 7 58 Z A A B s, R 2R IR
PR BCRE 1, HLnT LA A8 1 A0 RS AR A FH Xk 1 B v B ] T

FEH 245502 Hl Ren 5570 SR AU R 1L45 2645 TR 5 pm BB R S, JERIF =B
By W AR L T R B A AN N R S T ORI 4 ST A BN, S 2 R AR B - v AV R A A AR 1T R s
[i) Ak 7 TR DX P, 0 3 RIS T I SRR 1) e 7 W R e R T R 2, B TR RN ) e A0
il T RLAZ R 25 nm (B AN ZrO,(Y,05) ¥ 3 eI il 711, 32400 i 701 388 2 ey e = B g 1) ) el 35, % — ot
PR e ELAT W 35 A PR R . Krasnyansky™™ 38 52 52 50 AF 5% & B0 /0 1 4 A0 e 00 i) 551) ml va 5555 B o A0 HR
St -2 )RR R BE AR KT DX DA 45 A0 S 1 R B T 38 38— R T S 8 ] R A A0 LR
A T IV 2 e Sy AR A}, LA = B0y R 4 1 VR S i S MR R ), AT A R R R A Sy 43D
R, LARE IR FREEAE M B 1570, LA NaHCO, 1B M BZAA I, LA Na,CO, 1E i B, Lhgi K Sio, E R
A e, SR TR R A TR A A T AT T O, TR O R I LA R R
PERIA O, 55 AR BT B ARk R . R ARECT R S R AR IR 3 1 KHCO, ¥ 3% e X
LE SRR B0 RO AR 2 ARSI T S AR T, P R T U Rl AR A (& 10), At AT 138 2 52 5545 5]
TIEYERR S KHCO, ¥ S I M B AR IR BC LG o BEH e 7 09284k 7T DL i 2 5% ) KHCO, I S /Y 3 il
RA, 00 2550 SR Wit W Ry s T 7 o T S T R, (EL A A — I R T T, 8 T AL, 4 AR
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KHCO, cold aerosol °
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K10 1EHESURIRSI KHCO, &0 B D R I i AL Fe7

Fig. 10 Mechanism illustration in explosion suppression of KHCO, cold aerosol driven by inert gas'
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Fig. 11  Suppression mechanism of NaHCO,/zeolite hybrid powder on on gasoline pool flame
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